Acne vulgaris is a disease of the pilosebaceous follicle that results in both inflammatory and noninflammatory clinical lesions. Most patients have a mixture of noninflammatory comedones and inflammatory papules, pustules, and nodules. A small subset of acne patients have a highly destructive inflammatory process that is often associated with scarring. The universality of acne has resulted in significant efforts to treat this disease; however, the precise mechanisms that govern the development and progression of acne remain unclear. Of particular interest in both the understanding of the pathogenesis of the disease and development of therapeutic modalities is the onset of an inflammatory process.
Several lines of evidence have implicated an important role for Propionibacterium acnes in the pathophysiology of inflammatory lesions. This organism, which is part of the normal flora, increases by several orders of magnitude in the environment created by abnormally desquamated follicular corneocytes. There are currently several mechanisms by which P. acnes is thought to lead to the disruption of the follicular epithelium and subsequent inflammatory reactions in the surrounding dermis (14-16, 22, 28) . In addition to its ability to stimulate both the classical and alternative complement pathways, resulting in the formation of C5a (32, 39, 40) , P. acnes also produces small-molecular-weight, serum-independent neutrophil chemotactic factors that can attract neutrophils through the epithelial wall to P. acnes within the sebaceous follicle lumen (29, 38) . Ingestion of P. acnes by neutrophils in the presence of antibody specific for P. acnes results in the release of hydrolases that may contribute to the disruption of the follicular wall. Along with neutrophil infiltration of the sebaceous follicular epithelium, lymphocyte accumulation and infiltration have been described as early events in the pathophysiology of inflammatory acne (25) . The factor responsible for lymphocyte chemoattraction has not yet been described (29, 38) .
In other inflammatory processes such as delayed-type hypersensitivity, cytokines have been demonstrated to play a critical role in the development of the inflammation. The expression of proinflammatory cytokines including interleukin-1␣ (IL-1␣), IL-1␤, IL-8, and tumor necrosis factor alpha (TNF-␣) have been shown to result in the expression of vascular and dermal adhesion molecules, the chemoattraction of inflammatory cells, and the stimulation of other inflammatory mediators such as the leukotrienes and prostaglandins. In this study, we examined the ability of P. acnes and supernatant from P. acnes cultures to directly induce the expression of proinflammatory cytokines from monocytes.
[Sigma]) was used at a final concentration of 100 ng/ml. Lectins (peanut and jimson) were obtained from Sigma, as were lysozyme and mutanolysin. Acrylamide gel (Affi-gel 10) was obtained from Bio-Rad (Richmond, Calif.). 1␣,25-Dihydroxyvitamin D 3 (1␣,25-D 3 ) was purchased from Biomol (Plymouth Meeting, Pa.) and used at a final concentration of 100 mM. Dispase was obtained from Boehringer Mannheim Corp. (Indianapolis, Ind.).
P. acnes culture. The ATCC type strain 6919 was utilized throughout these experiments. P. acnes was cultured anaerobically on blood agar containing 0.1% Tween 80 for 5 to 7 days. A suspension in phosphate-buffered saline (PBS) corresponding to a 2.0 McFarland standard was prepared from this culture. Two milliliters of this suspension was transferred aseptically to a 500-ml culture flask containing 300 ml of freshly prepared 1% peptone-0.5% yeast extract-0.1% glucose (PYG) medium supplemented with 0.004 M magnesium, manganese, and iron salts, 0.01% cysteine, and 0.1% Tween 80. The flask was then flushed with nitrogen and incubated on a shaker at 35ЊC for 72 h. Following incubation, the culture was cooled immediately to 4ЊC, and an aliquot was removed and quantitatively plated to determine cell number and to verify purity. The remainder of the culture was centrifuged at 5,000 ϫ g for 15 min at 4ЊC. The supernatant was removed, filtered (through a 0.22-m-pore-size filter), and used immediately or stored at Ϫ20ЊC. The bacterial pellet was washed three times in 100 ml of PBS and finally suspended in 10 ml of PBS. The final P. acnes suspension was incubated at 80ЊC for 30 min to heat-kill the P. acnes. The P. acnes suspension was stored at 4ЊC until used.
Cell lines. The ThP-1 cell line (ATCC TIB 202) is derived from an acute monocytic leukemia patient, and the cells resemble macrophages in that they are phagocytic, produce lysozymes, bear Fc and C3 receptors, and stain positive for ␣-naphthyl butyrate esterase.
The U937 cell line (ATCC CRL 1593) is derived from a patient with histiocytic lymphoma, and the cells have characteristics of monocytes similar to those of ThP-1.
PBMC isolation. Venous blood was collected from normal volunteers or acne patients into heparinized Vacutainer tubes (Becton Dickinson, Mountain View, Calif.). The heparinized blood was diluted 1:2 with PBS (pH 7.2) and layered on a Ficoll-Hypaque gradient (Lymphoprep; Accurate Chemical Corp., Westbury, N.Y.). The gradient was centrifuged at 800 ϫ g for 30 min at room temperature, and the peripheral blood mononuclear cells (PBMC) were collected and washed twice in PBS.
Cell culture. PBMC or cell lines were cultured in RPMI 1640 containing 10% fetal bovine serum, penicillin, streptomycin, and 2-mercaptoethanol. Cells were suspended at 1.1 ϫ 10 6 /ml, and 0.9 ml was added to each well of a 24-well plate. Stimulants were added in 100-l aliquots to yield a final cell concentration of 10 6 /ml. Cultures were incubated in a humidified atmosphere of 37ЊC and 5% CO 2 for 24 h. Supernatants were then harvested for analysis by an enzyme-linked immunosorbent assay (ELISA).
KC culture. Adult human epidermis keratinocytes (KC) were collected as described previously (21) . Briefly, the epidermis was separated from the dermis by overnight incubation at 4ЊC of 2-to 3-mm skin strips in dispase solution (10 mg of dispase per ml of Tyrodes solution). The epidermis was removed with forceps and treated with 0.25% trypsin-100 mM EDTA (Gibco Laboratories, Grand Island, N.Y.) at 37ЊC for 30 min. The cells were vortexed, and the trypsin reaction was stopped with 5% (vol/vol) fetal calf serum. The cell suspension was put through a tissue screen to separate individual cells. Cells were seeded at 5 ϫ 10 3 in six-well plates containing 70% confluent mitomycin-treated 3T3 cells. Cells were incubated in KC culture medium consisting of Dulbecco modified Eagle medium, 10% fetal calf serum, 100 IU of penicillin, 10 g of streptomycin per ml, 0.4 g of hydrocortisone per ml, 5 g of insulin per ml, and 1 ng of epidermal growth factor per ml (Gibco). Upon reaching 90% confluency, the cells were trypsinized and reseeded. All experiments were completed with either second-or third-passage cells.
Quantification of cytokines. Cell supernatants were analyzed for IL-8, IL-1␤ (R&D Systems, Minneapolis, Minn.), and TNF-␣ (BioSource International, Camarillo, Calif.) by use of commercially available ELISAs. The sensitivities of these assays are 3, 1, and 1 pg/ml, respectively.
Determination of endotoxin. Endotoxin levels were determined with a chromogenic Limulus amebocyte lysate assay (QCL-1000; BioWhittaker, Walkersville, Md.). The linear concentration range of the assay was 0.1 to 1.0 EU of endotoxin per ml under the manufacturer's suggested assay conditions. Dialysis and ultrafiltration. Dialysis tubing with molecular weight cutoff (MWCO) values of 3,500, 6,000 to 8,000, and 12,000 to 14,000 were purchased from Spectrum Medical Industries (Los Angeles, Calif.). Samples were dialyzed against 2 liters of PBS for 24 h with three changes. Ultrafiltration was accomplished with Amicon ultracentrifuge membranes. MWCO values of 30,000, 10,000, and 3,000 were used. Molecules larger than the MWCO values are found in the retentate, while smaller molecules are collected in the effluent. Supernatants and media were concentrated from a starting volume of 2.0 ml to a final volume of 0.5 ml. Both the filtrate and the retentate were reconstituted to a final volume of 2.0 ml in distilled water.
Enzyme treatment of P. acnes supernatant. In some experiments, P. acnes culture supernatant (CS) was treated with various concentrations of the enzymes lysozyme or mutanolysin. The stock concentrations of the lysozyme and mutanolysin were 4,000 and 5,000 U/ml, respectively. Mutanolysin was reconstituted in sodium acetate buffer (pH 5.5). The supernatants were incubated with enzymes for 48 h at 37ЊC. Subsequently, the enzymes were inactivated by heat treatment (10 min at 90ЊC).
Lectin immobilization. Peanut and Jimson lectins were immobilized on a gel as described in the manufacturer's instructions (Bio-Rad). Briefly, the gel was mixed to a uniform suspension, and 1 ml was transferred to a Buchner filter. The supernatant was drained under vacuum, and the gel was washed three times with cold deionized water. The gel was transferred to a 1.5-ml microcentrifuge tube, and 1 ml of the lectin solution was added (1 mg of lectin per ml of water). The gel-lectin solution was mixed on a rotating wheel at 23ЊC. After 1 h, 0.1 ml of 1 M ethanolamine HCl (pH 8.0) was added to block any unreactive sites, and the incubation was allowed to continue for an additional hour. The supernatant was then removed by vacuum, and the gel was used immediately. P. acnes CS was incubated with the gel-bound lectin for 16 h at 23ЊC, after which the gel was removed by centrifugation. The supernatant was removed without disturbing the gel bed and added to ThP-1 cells as described above without further dilution.
Antibodies. The anti-CD14 antibodies used were clones MEM-18 (Accurate Scientific, Westbury, N.Y.) and M⌽P9 (Becton Dickinson).
Statistics. Differences in cytokine production by various stimulatory agents were analyzed statistically by the two-tailed Student t test. A P of Ͻ0.05 was considered to be a statistically significant difference.
RESULTS
P. acnes stimulates inflammatory cytokine production. Incubation of various concentrations of heat-killed P. acnes with the human monocytic cell line ThP-1 resulted in a dose-dependent production of proinflammatory cytokines. The cytokine produced in the greatest abundance was IL-8, with 10 6 ThP-1 cells producing 19.2 Ϯ 4.1 ng/ml when incubated with 10 9 P. acnes organisms per ml (Fig. 1) . When the concentration of the P. acnes was reduced by 10-or 100-fold, a decreased, yet significant, dose-dependent production of IL-8 was still observed. ThP-1 cells were also shown to produce large quantities of TNF-␣ ( Fig. 2 ) and IL-1␤ (Fig. 3 ) in a dose-dependent response similar to that seen for IL-8. Similar results for all three cytokines were also observed with the human monocytic cell line U937 (data not shown).
To determine whether the production of these cytokines was the result of a nonspecific phagocytosis event, ThP-1 cells were incubated with latex beads for 24 h. After collection of supernatants, the cells were washed and then centrifuged at low speed to remove the majority of nonphagocytized beads. The cells were then examined by light microscopy. By focusing through the cells, internalized latex beads could be distin- Analysis of the supernatants from these cultures revealed no production of the proinflammatory cytokines IL-8, TNF-␣, or IL-1␤ ( Fig. 1 to 3 ). In addition, no significant levels of these cytokines were elaborated in response to culturing with the PYG medium. However, the addition of either LPS or zymosan A resulted in a significant production of all three proinflammatory cytokines ( Fig. 1 to 3 ).
To evaluate the effect of heat killing the P. acnes on its ability to elicit proinflammatory cytokines, cultures of ThP-1 cells were prepared in parallel and incubated with equal numbers of live, heat-killed, and 10% formalin-fixed P. acnes organisms. Following a 24-h incubation period, the supernatants were tested by an ELISA, and no significant differences in the induction of either IL-8, TNF-␣, or IL-1␤ were observed between the various preparations of P. acnes (data not shown).
P. acnes supernatant stimulates inflammatory cytokine production. Previous studies have demonstrated that P. acnes produces numerous extracellular products, including enzymes and an incompletely characterized chemotactic factor. To determine if P. acnes may be producing a factor capable of directly stimulating monocytes to produce proinflammatory cytokines, 72-h P. acnes CS grown in PYG medium was collected and incubated at various dilutions with ThP-1 cells. Analysis of cell CSs indicated a significant production of IL-8, TNF-␣, and IL-1␤ in comparison with that produced by cells treated with PYG medium alone. The level of cytokine production was not as high as that observed with cells incubated with intact P. acnes; however, the amounts of the various cytokines produced were proportionally similar, i.e., IL-8 production was greater than TNF-␣ production, which was greater than IL-1␤ production ( Fig. 1 to 3) .
The stimulatory activity of P. acnes CS is not due to endotoxin or cell wall contamination and is heat stable. Analysis of P. acnes CS for endotoxin was negative (Ͼ0.1 EU/ml), indicating that cytokine elaboration was not a result of LPS contamination. To further verify these results, assays were repeated in the presence of polymyxin B (5 g/ml), with no change in the levels of cytokines released. P. acnes CSs were also subjected to ultracentrifugation (100,000 ϫ g) to remove any contaminating cell walls that may have been present as a result of bacterial lysis. No significant difference in cytokine production was observed when P. acnes CSs were pretreated in this manner (data not shown).
To determine if the stimulatory activity was sensitive to heat treatment, 10-ml aliquots were treated at 50 and 90ЊC for 15 min. No differences in the ability to induce cytokine production were observed between either of the heat-treated supernatants and the untreated supernatant (data not shown).
Effect of dialysis on P. acnes CS. The nature of the cytokine stimulatory activity of P. acnes CS was investigated by dialyzing P. acnes CS with retention cutoffs of 3,500, 6,000 to 8,000, and 12,000 to 14,000 molecular weights and comparing the IL-8-stimulating activities on ThP-1 cells of the dialysate with that of undialyzed supernatant. Dialysis with tubing with a MWCO value of 12,000 to 14,000 resulted in a loss of 43% Ϯ 4% of the cytokine-stimulating activity, whereas dialysis with tubing with a MWCO value of 6,000 to 8,000 reduced the activity by 57% Ϯ 3%. When tubing with a MWCO value of 3,500 was used, the activity was reduced by 72% Ϯ 6%. (These results are expressed as means Ϯ standard deviations of three separate experiments measuring IL-8 induction in ThP-1 cells.)
Because certain types of molecules can be nonspecifically retained by dialysis tubing, we examined the effects of ultrafiltration on 72-h P. acnes CSs used to stimulate IL-8 production by ThP-1 cells with filters with MWCO values of 3,000, 10,000, and 30,000. These filters process samples such that both the filtrate and the retentate can be analyzed. To compensate for the resulting concentration changes that occur in ultrafiltration, both the filtrate and the retentate were brought to the original starting volume with sterile, endotoxin-free water subsequent to filtration. Filtration with the 30,000-MWCO filter resulted in a retention of 13% Ϯ 3% of the cytokine-stimulating activity, whereas the filtrate lost only 19% Ϯ 5% of its activity. When the supernatants were filtered with a 10,000-MWCO filter, 60% Ϯ 4% of the original activity was in the retentate and 67% Ϯ 6% was lost in the filtrate. The retentate in the 3,000-MWCO filtration had 86% Ϯ 6% of its original and 72-h P. acnes supernatant (PA Sup.). Cells (10 6 ) were incubated with the indicated agents for 24 h, following which the supernatants were assessed for TNF-␣ by ELISA. Data are presented as the mean Ϯ standard deviation of four separate experiments. All values except that for latex beads were significant (P Ͻ 0.01) compared with values for either medium alone or for P. acnes medium media. FIG. 3 . Stimulation of IL-1␤ production by ThP-1 cells with P. acnes (PA) and 72-h P. acnes supernatant (PA Sup.). Cells (10 6 ) were incubated with the indicated agents for 24 h, following which the supernatants were assessed for IL-1␤ by ELISA. All values except that for latex beads were significant (P Ͻ 0.01) compared with values for either medium alone or for P. acnes medium. activity, whereas the filtrate contained only 21% Ϯ 3% of its original cytokine-stimulating activity ( Table 1) . Effect of lysozyme and mutanolysin on P. acnes CS. Lysozyme is a key muralytic enzyme that is present in leukocytes and other body fluids and is thought to provide a means for the biodegradation of microbial cells. To determine if incubation with this enzyme affects the cytokine-stimulating activity of P. acnes CS, the P. acnes CSs were incubated with 4, 40, or 400 U of lysozyme per ml at 37ЊC for 48 h. After this incubation, the P. acnes CS was heated to 90ЊC for 10 min to inactivate enzymatic activity. The P. acnes CSs were then incubated with ThP-1 cells for 24 h, and the supernatants were assayed for IL-8 and TNF production. Similar experiments were conducted with mutanolysin at concentrations of 5, 50, and 500 U/ml. Significant decreases in cytokine-stimulating activity were seen at the highest concentrations of both enzymes (Fig. 4) .
Effect of PG-binding lectin on P. acnes CS. To further characterize the nature of the stimulatory activity of P. acnes CS, supernatants were incubated for 48 h with various concentrations of gel-immobilized (Affi-gel 10; Bio-Rad) lectins with and without specificity for the peptidoglycan (PG) carbohydrate moieties. Following incubation, the supernatants were centrifuged to remove the gel and bound sugars. Incubation with increasing concentrations of jimson lectin (Datura stramonium), which has specificity for the (D-GlcNAc) 2 portion of PG, resulted in a corresponding loss of cytokine-stimulating ability. In contrast, incubation with increasing concentrations of peanut lectin (Arachis hypogae), which binds ␤-D-Gal-(133)-␤-DGalNAc, had no significant effect on the activity of the supernatant as compared with that of supernatant incubated with untreated gel (Fig. 5) .
Role of CD14 in mediating stimulatory activity of P. acnes CS. Previous studies have demonstrated that 1␣,25-D 3 induces the expression of surface CD14 on ThP-1 cells (10). To determine whether up-regulation of CD14 would result in an increased cytokine production in response to P. acnes CS, ThP-1 cells were incubated with 1␣,25-D 3 for 48 h prior to assay. Up-regulation of CD14 was confirmed by flow cytometry (data not shown). Treated and untreated cells were then incubated with various concentrations of P. acnes CS, LPS, zymosan A, or PYG medium. A significant increase in IL-8 and TNF-␣ production was observed in 1␣,25-D 3 -treated ThP-1 cells incubated with 72-h P. acnes CSs and LPS, whereas no significant differences were observed when treated cells were incubated with zymosan A or PYG medium (Fig. 6) .
To determine whether the CD14 is directly involved in P. acnes CS induction of IL-8 and TNF-␣, the effect of a CD14-blocking antibody (MEM-18) on the release of these cytokines was examined. To verify the blocking activity of this antibody, initial experiments examining its ability to block cytokine induction by LPS were conducted. These experiments determined that the MEM-18 antibody was able to completely block IL-8 and TNF-␣ production when the LPS concentration was Յ1 ng/ml. Incubation with higher concentrations of LPS resulted in incomplete blocking. Incubation of cells with a nonblocking surface CD14 antibody had no effect on cytokine induction by LPS.
When MEM-18-treated cells were incubated with increasing concentrations of P. acnes CS, there was diminution of cytokine-inducing ability; however, it was not possible to completely block the activity of the P. acnes CS (Fig. 6) . Treatment of cells with the M⌽P9 antibody had no effect on the activity of the P. acnes CS.
Effect of P. acnes and P. acnes CS on PBMC from acne patients. To determine if P. acnes and P. acnes CS had effects FIG. 4 . Effect of the enzymes lysozyme and mutanolysin on cytokine-inducing activity of P. acnes CS. (A) IL-8 production by ThP-1 cells; (B) TNF-␣ production by ThP-1 cells. P. acnes CS was incubated with log dilutions of each enzyme (the legend indicates the dilution of enzyme used). The stock concentrations were 4,000 U/ml for lysozyme and 5,000 U/ml for mutanolysin. P. acnes CS was treated with the enzymes as described in Materials and Methods. Data are presented as the mean Ϯ standard deviation of four separate experiments. *, P Ͻ 0.01; **, P Ͻ 0.001. open or closed comedones) and five age-matched subjects with no clinical evidence of acne. PBMC (10 6 /ml) were incubated with heat-killed P. acnes, 72-h P. acnes CS, LPS, zymosan A, PYG medium, or medium only. Supernatants were collected after 20 h and assessed for IL-8, TNF-␣, and IL-1␤ production. All PMBC were observed to spontaneously release IL-8 in high concentrations, which did not allow for distinctions between the various stimulants to be made. Significant increases in both TNF-␣ and IL-1␤ were observed when PBMC were incubated with P. acnes, 72-h P. acnes CS, LPS, and zymosan A as compared with the medium controls for both the acne subjects and normal controls (Fig. 7) . No significant differences in cytokine production were observed between the acne subjects and the controls for any of the stimulants used.
Effect of P. acnes and P. acnes CS on KC.
The wall of the sebaceous follicle is composed of KC, and to determine whether P. acnes or P. acnes CS interacts directly with KC to induce production of proinflammatory cytokines, human KC were incubated with heat-killed P. acnes, 72-h P. acnes CS, LPS, zymosan A, PYG medium, or medium only. Supernatants were collected after 20 h and assessed for IL-8, TNF-␣, and IL-1␤ production. No significant increases in any of the three cytokines were observed in any of the assay conditions (data not shown).
DISCUSSION
The concept that P. acnes is linked to the development of inflammatory acne dates to late 19th century when Unna (37) suggested that the diphtheroid found in acne lesions was in fact the cause of acne. Subsequent studies in the early 20th century (35) . Moreover, successful acne therapies tend to reduce either P. acnes density or sebum, the substrate utilized by P. acnes. The generation of an inflammatory response initially involves a coordinated expression of cell adhesion molecules on postcapillary venules which allows the active trapping of peripheral blood cells. Up-regulation of these adhesion molecules appears to be controlled via the action of cytokines, particularly IL-8 and TNF-␣. Secondary to this event is the chemotaxis of the infiltrating population of leukocytes to the site of injury or antigen, which in most cases is also regulated by cytokines. While there are several possible sources for these proinflammatory cytokines, the most probable source is tissue macrophages. P. acnes, which was classified previously as Corynebacterium parvum (4), has been shown to process macrophage-activating activities, suggesting that it may be capable of eliciting the production of proinflammatory cytokines (2, 3, 12, 33) .
In this study, we demonstrate that intact cells of P. acnes and P. acnes CS are able to directly stimulate the production of proinflammatory cytokines by both human monocytic cell lines and freshly isolated PBMC from acne patients and normal controls. The observed stimulatory effect was concentration dependent for both the intact cells and the CS and was not a nonspecific result of phagocytosis or LPS contamination. Fixation of the intact cells by either heat or paraformaldehyde did not alter the ability of the bacteria to induce cytokine production, suggesting that the stimulatory agent is a component of the cell wall and not an actively produced product such as an enzyme. The ability of intact cells of P. acnes to stimulate cytokine production by monocytes is similar to that of other gram-positive bacteria (9, 36) . Two major components of the gram-positive cell wall that have been described to elicit proinflammatory cytokines from monocytes are PG-polysaccharide (PG-PS) complexes (7, 23, 36) and lipoteichoic acids (1, 23, 34) . In addition to stimulation via the intact cell wall or cell wall components, PG-PS polymers can be secreted in a soluble form by gram-positive organisms (26, 43) , which can also stimulate the reticuloendothelial system. Our data suggest that the stimulatory effects of the P. acnes CS may be due to the presence of a soluble factor, possibly PG-PS, elaborated by P. acnes. This is borne out by several lines of evidence.
Although P. acnes produces a number of different enzymes, the observation that there was no effect on activity when the P. acnes CS was heated for 10 min at either 65 or 90ЊC indicates that the activity was not due to an active enzyme. Certain enterotoxins such as toxic shock syndrome toxin 1 have been shown to elicit TNF production from monocytes (27) ; however, no such toxin production by P. acnes has been described, making such an agent an unlikely source of cytokine stimulation.
Ultracentrifugation (100,000 ϫ g) of the P. acnes CS had no effect on its ability to induce cytokine production, suggesting that the activity is not due to insoluble portions of cell wall, such as lipoteichoic acids, which may have been generated via autolysis during the culture period or the harvesting of the P. acnes CS. However, this would not rule out the possibility that small polymers of PG-PS, which could be generated as a result of PG turnover, remained in the P. acnes CS.
Both dialysis and ultrafiltration of P. acnes CS suggest that the cytokine stimulatory activity is generated by a factor(s) that is approximately 3 to 30 kDa in size. These data suggest several possible interpretations, as follows: (i) there is more than a single agent responsible for the activity; (ii) a single factor that is capable of more than a single confirmation is responsible (e.g., globular in nature); or (iii) a single factor that is composed of or can fractionate or dissociate into random-sized pieces and still retain activity is responsible. While these data do not provide a definitive answer as to the nature of the stimulatory activity, they eliminate the possibility that the activity is due to contaminating intact cells or large portions of cell wall. Furthermore, the molecular weights are consistent with those of soluble PG.
Treatment of the P. acnes CS with the enzymes lysozyme and mutanolysin resulted in a significant reduction of the stimulatory activity; however, neither enzyme was able to completely ablate the activity. The loss of activity was dependent upon the concentration of the enzyme and indicates that at least a portion of the stimulatory activity is dependent upon size or tertiary structure of the stimulatory agent. It is possible that the FIG. 7 . Induction of proinflammatory cytokines in human PBMC by P. acnes and 72-h P. acnes supernatant (Supernatant). (A) TNF-␣ production; (B) IL-1␤ production. PBMC were obtained from normal controls with no clinical signs of acne (n ϭ 6) and from acne patients (n ϭ 8). There were no significant differences between acne patients and normal controls. Further evidence that at least part of the activity of P. acnes CS may be due to the presence of PG-PS is that immobilized Jimson lectin, which binds PG (8), was able to significantly reduce the stimulatory activity of the P. acnes CS in a dosedependent manner. In contrast, peanut lectin, which binds sugars not found in PG, had no effect on the stimulatory activity. As with the treatment of the P. acnes CS with lysozyme and mutanolysin, the stimulatory activity was not ablated by any of the concentrations of lectin that were tested.
CD14, a surface protein on human macrophages, has been identified as a receptor for LPS (42) . Subsequently, Dziarski demonstrated that PG and LPS share the same binding site on murine B lymphocytes (8) . On the basis of these findings, we reasoned that PG may share the LPS binding site on human monocytes and thus bind to CD14. Indeed, when ThP-1 cells were pretreated with 1␣,25-D 3 to induce increased expression of surface CD14, a significant increase in the production of all three cytokines was observed in the presence of P. acnes CS or LPS. This effect was titratable, indicating a specific interaction with a component of the P. acnes CS. Interestingly, there was no increased cytokine production in response to zymosan A, suggesting that 1␣,25-D 3 does not influence the expression of the ␤-glucan receptor. This experiment does not definitely demonstrate that the stimulatory component of P. acnes CS is specifically binding to the CD14 receptor since 1␣,25-D 3 may also increase other receptors, resulting in potentiating activity. This possibility is diminished, however, by the observation that treatment of the cells with the MEM-18 antibody, which blocks the CD14 receptor (6), significantly reduced the stimulatory activity of the P. acnes CS. MEM-18 was not able to abrogate the activity of P. acnes CS even when the P. acnes CS was titrated to a 1:40 concentration. Recently, an additional LPS receptor that does not require an LPS-LPS binding protein complex has been described on human monocytes (30) . Unlike CD14, this receptor, p73, has been shown to bind LPS and PG in the absence of serum. Cytokine stimulation through this receptor may explain the inability to block activity with the anti-CD14 antibody. Alternatively, the inability to abrogate cytokine production may be a result of incomplete blocking of CD14 by MEM-18. No effect on the cytokine-inducing activity of zymosan A was observed in the presence of MEM-18.
Experiments using freshly isolated PBMC indicate that the ability of P. acnes CS or intact P. acnes to induce cytokines is not limited to human monocyte cell lines. The lack of a significant difference between the responses of acne patients and normal controls suggests that there is no defect in the monocytes of acne patients that leads to an overproduction of the proinflammatory cytokines. However, because the acne patients examined in this study did not have severe inflammatory disease, the possibility of overproduction of these proinflammatory cytokines (as compared with that of normal controls) in response to stimulation by P. acnes CS or intact P. acnes cannot be ruled out.
The lack of response of KC to P. acnes CS or intact P. acnes is not unexpected, since the overwhelming number of follicles containing P. acnes show no evidence of inflammatory response. It is possible that the KC that compose the wall of the sebaceous follicle are significantly different from those isolated from the epidermis and may respond to P. acnes by producing proinflammatory cytokines. Alternatively, there may be differences between the KC follicular wall of acne patients and that of non-acne-prone individuals such that soluble mediators of P. acnes may more easily diffuse into the dermis, resulting in a more-pronounced inflammatory response. Further investigations in this area are warranted.
PG-PS has been shown previously to mediate several experimentally induced chronic inflammatory diseases in animal models, including nodular lesions, granulomatous enterocolitis (Crohn's disease), chronic arthritis, and hematopoietic hyperplasia (31). It appears that the inability to clear the PG-PS from the tissue, resulting in a persistent stimulation of inflammatory cells, is the major mechanism accounting for the chronicity of these diseases. The inability to clear the PG-PS is probably related to its relative resistance to degradation by tissue enzymes, including lysozyme. Compounding this persistence of PG-PS is the resistance of bacterial cells to biodegradation, which can occur for numerous reasons (reviewed in reference 13), resulting in the release of undegraded PG-PS into the tissue (41) . This PG-PS and other cell wall material, such as muramyl dipeptide, can induce an oxidative burst in neutrophils as well as cytokine production by macrophages (17, 19) . PG-PS is also chemotactic for macrophages and neutrophils and inhibits their migration and phagocytic capabilities (24) . Of further interest are studies in which intraperitoneal or intravenous injection of PG-PS and PS alone produce a rapid edematous reaction (3, 15) . Dalldorf et al. demonstrated that this response was secondary to a marked degranulation of subcutaneous and periarticular mast cells, suggesting the possibility of direct interaction of PG-PS with mast cells (5) .
A possible role for P. acnes-derived PG-PS in the pathophysiology of inflammatory acne is intriguing. A possible scenario begins with the generation of PG-PS in the sebaceous follicle as an actively released substance or as a result of bacterial autolysis. The PG-PS would then migrate through the intact follicular wall, where interaction with tissue macrophages would occur. Proinflammatory cytokines produced as a result of this interaction would then lead to activation of vascular endothelium, which might also be directly affected by the PG-PS, allowing for the influx of polymorphonuclear leukocytes and lymphocytes. This influx would be augmented by the chemotactic properties of the cytokines, C5a, the small-molecularweight, serum-independent neutrophil chemotactic factors produced by P. acnes, and perhaps by the PG-PS itself. Interaction of the neutrophil-released enzymes with the sebaceous follicular wall would result in disruption of the wall's integrity, leading to the release of the follicular contents into the dermis with subsequent inflammatory consequences. We have observed previously that there is a significantly higher density of P. acnes in acne individuals than in normal, non-acne patients (20) . This difference can range from 100-to 10,000-fold increased density in acne patients and may help explain why the organism can be isolated from acne patients and normal individuals while only the acne patients have inflammatory disease.
An inability to adequately clear PG-PS may be important in the pathophysiology of allergic-type granulomas that form in the perilesional skin of patients with severe nodular cystic acne, i.e., acne conglobata. In contrast with normal papulopustular acne, acne conglobata is a chronic lifelong disease. Granulomas in patients with acne conglobata are composed of macrophages that contain large amounts of cytoplasm filled with prominent organelles and are thought to be secretory rather than phagocytic (18) . They do not contain phagocytized bacteria and show only rare multinucleated giant cells and Langerhans cells, suggesting a specific immune response. Furthermore, these granulomas are associated with degranulating mast cells, which undoubtedly contribute to the inflammatory reaction and the severe scarring seen in these patients. The stimulus responsible for this chronicity is unknown; however, characteristics of this disease parallel known in vitro and in vivo activities of PG-PS, suggesting that PG-PS may be providing the activation stimulus in these patients.
